INTRODUCTION
Transforming primary care practices into medical homes-also known as patient-centered medical homes (PCMHs)-is increasingly seen as a way to enhance primary care. In medical home transformation, practices can make many changes, including adoption of new structural capabilities such as patient registries, care managers, and information technology. Evidence to date on medical home interventions-studies that compare intervention participants to non-participants-is mixed, with inconsistent effects on patient care. [1] [2] [3] [4] [5] [6] [7] [8] However, studies with a different design-those comparing practices that have achieved medical home recognition to those that have not-have found more consistent associations between practice transformation and improvements in the quality and efficiency of care, patient experience, and provider satisfaction. [9] [10] [11] [12] [13] [14] This apparent discrepancy might be explained by barriers that prevent some intervention participants from successfully transforming into medical homes. For example, such transformation may require substantial financial investments that are beyond the reach of some primary care practices.
To support practice transformation, a variety of public and private payers have provided financial and in-kind resources (e.g., on-site care managers) to practices participating in medical home interventions. 15, 16 But within such interventions, there is little published evidence on the size of transformation-associated costs to practices. Without estimates of these costs, payers and policymakers risk under-funding practice transformation, thereby reducing the attractiveness and effectiveness of medical home interventions.
To estimate the costs of transformation among primary care practices participating in a statewide medical home intervention, we interviewed practice representatives, identified the components of each practice's transformation during the intervention, and calculated the corresponding costs.
METHODS

Practice Selection
We selected primary care practices that participated in the first 3 years of the Pennsylvania Chronic Care Initiative (PACCI), a statewide medical home pilot. 1 The PACCI required each participating practice to achieve recognition from the National Committee for Quality Assurance's Physician Practice Connections-Patient-Centered Medical Home (NCQA PPC-PCMH) program and to participate in technical assistance activities. To support transformation, eight commercial and four Medicaid managed care plans provided enhanced payments to participating practices. These health plans supported the PACCI in four geographic regions-southeast, south central, southwest, and northeast Pennsylvania. The pilot, which was originally designed to run for three years in each region, started on a rolling basis: the earliest start date was June 2008 (southeast region) and the latest was October 2009 (northeast region).
We aimed to select practices with varying levels of structural and functional transformation. To assess structural transformation, we sent a survey to one leader of each practice at baseline and at the end of pilot year 3 (in each region) that queried the presence of capabilities such as patient registries, care managers, information technology, and after-hours access. 17 Based on survey responses, we calculated each practice's change on an overall structural capability score. To assess functional transformation, we measured changes in each practice's performance on quality (nine measures of chronic disease and preventive care) and costs of care over 3 years using claims data from 8 of the 12 participating health plans.
We then ranked the practices within each demonstration region on their pre-to post-demonstration changes in their structural and functional transformation capabilities, calculated the mean of the three ranks (structural, quality, and cost), and categorized practices in the top tertile as high transformers, those in the middle tertile as moderate transformers, and those in the bottom tertile as low transformers. In other words, high transformers differed from moderate and low transformers in their degree of structural change during the pilot, irrespective of practice capabilities at baseline (i.e., before the pilot began). Details of these transformation assessment methods are available in Appendix A.
We then invited practices to participate in the study, seeking two high transformers and one low transformer in each of the four regions of the pilot. We contacted a total of 22 practices to obtain 12 participants, for a total response rate of 55%. We offered $300 to each practice for participation in the study.
Data Collection and Analysis
We used the principles of activity-based costing to calculate the costs incurred by primary care practices due to their medical home transformation. 18 First, we conducted semi-structured interviews with representatives at each physician practice, asking respondents to report changes that the practice made because of its medical home transformation (interview protocol available in Appendix B). Between one and seven respondents participated in each interview; seven of the interviews included multiple participants. Three other participants conferred with other members of the organization, either before or after the interviews, to gather additional information or to confirm aspects of their estimates. For each practice, these respondents included the individual identified by practice leadership as the most knowledgeable about the changes involved in medical home transformation and the costs associated with these changes.
We began the interviews by asking practice representatives to describe how the practice had changed over the course of the medical home pilot. The interview protocol allowed respondents to describe these changes without restriction to a pre-specified list, and for each practice we created a roster of the changes described (e.g., initiating a care management program). Once the respondents verified this roster of changes, we asked them to describe the changes in personnel (e.g., hiring new employees, time spent by existing employees) and non-personnel costs (e.g., investing in new technology) involved in each change. We asked participants to distinguish between one-time costs (e.g., cost of submitting an application for medical home recognition) and ongoing costs, which they continued to incur yearly as a consequence of each change.
Second, after the interviews, we converted personnel estimates into costs using state-level wage rates from the Health Care Group 2014 Staff Salary Survey and the Bureau of Labor Statistics wage data, adding 30% to each of the hourly wage costs to account for benefits. 19, 20 Third, to verify our cost estimates, we created a report for each practice detailing the transformation changes described by the interviewees and the costs associated with each change. We shared each report with interviewees from the corresponding practice, sought comments on the face validity of the cost estimates, and asked for corrections when necessary. Some interview participants shared the cost reports with others in their practice in order to provide further validation for the estimates. We continued to update the cost reports until interviewees provided no additional corrections.
We used these cost reports to estimate the one-time and ongoing costs of transformation across all 12 practices. We grouped all one-time costs into a single category, since most one-time activities were general preparation activities (e.g., developing and documenting internal policies) rather than a particular change in the practice. We divided ongoing costs stemming from each transformation change into five categories: care management, quality improvement, expanded access, information technology (IT), and other activities.
Fourth, we calculated per-clinician costs by dividing total costs by the number of primary care clinicians (physicians, nurse practitioners, and physician assistants) who worked at the practice in a "typical day" during the pilot. To estimate per-patient costs, we divided total costs by estimates of the number of patients in the practice's panel during the transformation period (as estimated by interviewees), rounding to the nearest whole dollar. We asked each practice to estimate its overall panel size, which we then divided by the number of primary care clinicians in the practice to calculate the practice's perclinician panel size.
Finally, we categorized practices as either "system-affiliated" (owned by a hospital, health maintenance organization, or a multi-site medical group) or "independent," and as either large (four or more primary care clinicians) or small (fewer than four primary care clinicians). We then compared transformation costs between practices with high versus medium or low transformation, system-affiliated versus independent status, and large versus small size. Due to limited sample size, we did not perform statistical tests of these comparisons.
This study was approved by the RAND Human Subjects Protection Committee.
RESULTS
Practice Characteristics
The 12 practices participating in our study had a median of three primary care clinicians and 1562.5 patients per primary care clinician (Table 1) . Six participating practices were classified as family medicine or mixed specialty, five were internal medicine, and one was pediatric only; seven were system-affiliated, and five were independent. By design, three practices were located in each of the four PACCI regions. At the end of the 3-year pilot in each region, 11 participating practices had achieved NCQA PPC-PCMH recognition at level 3, and one had achieved level 2 recognition.
Participating practices were comparable to non-participants in size, specialty, system affiliation, and NCQA PPC-PCMH level. However, to reach the target sample composition, we needed to invite disproportionate numbers of practices that were low-transforming and located in the south central region, resulting in higher numbers of non-participants with these characteristics.
Description of One-Time Costs
Participating practices spent a median of $30,991 (range, $7694 to $117,810) in one-time costs as part of their medical home transformation, or $9814 per clinician ($1497 to $57,476) and $8 per patient ($1 to $30) ( Table 2 ). Specific one-time activities included setting up and verifying the accuracy of patient registries, training employees to use quality reporting systems, preparing internal policies and procedures for medical home transformation, and completing medical home recognition applications. Four practices upgraded their information technology systems.
Description of Ongoing Costs
The median cost of ongoing medical home activities was $147,573 per year per practice (range, $83,829 to $346,603), or $64,768 per clinician ($18,585 to $93,856) and $30 per patient ($8 to $136). Care management activities, which frequently involved hiring one or more care managers or other staff to implement care management initiatives, constituted the greatest share of these ongoing costs. Practices' median yearly care management costs were $113,031 (range, $41,191 to $234,547), or $29,457 per clinician ($11,420 to $78,182) and $16 per patient ($3 to $110).
Eleven practices reported instituting new quality improvement (QI) processes, such as generating practice performance reports (e.g., to track Healthcare Effectiveness Data and Information Set [HEDIS] quality measures), instituting reminders to physicians to provide recommended services, and conducting regular QI meetings to discuss ways to improve performance. Practices' median yearly QI activity costs were $23,734 (range, $0 to $63,905), or $5765 per clinician ($0 to $29,924) and $3 per patient ($0 to $26).
Only four practices reported expanding patient access to care. Three practices increased their hours, providing office visits for an additional 7.5 to 20 hours per week, while the fourth practice increased the number of daily appointments available by changing its scheduling procedures. Among the practices that did We were unable to collect one-time activities for two of the practices ‡ For practices that hired care managers, these new staff members performed many of these same activities. Therefore, activities performed by newly hired care managers were "rolled into" the care manager hiring §
We were unable to collect IT-related costs for some system-affiliated practices because these costs were incurred at a higher organizational level ‖ This median does not represent the sum of categories above spent on maintenance and upgrades of electronic health records (EHRs). The remaining eight practices reported making IT investments for other reasons, such as efforts to qualify for Meaningful Use incentives; these investments were not counted as costs of medical home transformation.
Costs Incurred by Different Types of Practices
Practices that experienced high transformation had median one-time per-clinician costs of $12,599 (range, $3166 to $57,476), greater than the median cost of $2564 ($1497 to $19,635) observed among practices with low or moderate transformation (Table 3 ). However, ongoing yearly costs per clinician were similar between high transformers (median $56,842; range, $24,668 to $93,856) and low to moderate transformers (median $65,668; range, $18,585 to $84,289).
We also observed cost differences between practices with differing system affiliation and practice size. Median total onetime costs for system-affiliated practices were $3165 per clinician ( 
DISCUSSION
In this study, we found that practices can incur substantial transformation costs as they participate in medical home pilots, and the ongoing costs associated with maintaining new capabilities far exceeded one-time costs. The median ongoing medical homeassociated cost observed in our sample ($64,768 per primary care clinician per year) is equivalent to roughly 35% of the mean annual income for primary care physicians in Pennsylvania. 20 These costs were significant, and posed challenges for their practices' transformation efforts. However, both one-time and ongoing costs of transformation varied widely among practices.
Consistent with the PACCI pilot goal of enhancing practices' care management capabilities, we found that the majority of ongoing costs were related to care management. In our sample, median practice spending on care management activities attributed to medical home transformation was $14 per patient per year, or slightly more than $1 per patient per month. These expenditures are less than the "care management fees" paid to practices participating in other medical home pilots (which have averaged $7 per member per month) and the $40 per member per month that Medicare now pays to provide enhanced care management services for beneficiaries with two or more chronic conditions. 15, 21, 22 Two key factors may account for the difference between the prevailing care management fees and the care management costs incurred by practices participating in our study. First, our perpatient costs are based on all patients in a practice's panel, rather than just those who have a specific payer (e.g., a payer participating in a medical home initiative who might need to crosssubsidize patients of non-participating payers) or who have multiple chronic conditions (e.g., those eligible for Medicare care management fees). Second, we estimated only those costs associated with changes to care management programs related to medical home transformation; we excluded the costs of sustaining any preexisting care management programs, which payers may rationally wish to subsidize.
Our findings suggest that medical home transformation can have especially challenging financial implications for small and independent practices, which incurred substantially higher perclinician total transformation costs. These observed cost differences may be partially explained by our study design: we performed interviews at the practice site level and did not interview managers of the larger organizations that contained the systemaffiliated practices. Therefore, transformation costs incurred at the system level may be underestimated. However, this finding is consistent with recent qualitative research suggesting that, given the relatively high cost of investment in needed equipment and staff, small and independent practices may feel pressure to join larger systems as alternative payment models (including but not limited to payment reforms accompanying medical home interventions) take hold. 23 Our study has several limitations. First, medical home transformation for some practices occurred up to 5 years before the interviews were conducted, and inaccurate recall is possible, especially for initial one-time costs. However, ongoing cost estimates may be more accurately reported, because in most cases these ongoing costs were still being incurred at the time of our interviews. The inclusion of multiple respondents for most practices also may have strengthened the validity of cost estimates. Second, we studied a relatively small number of practices, precluding the possibility for meaningful statistical inference. However, our sample size was similar to, if not larger than, previous efforts to study other program implementation costs in primary care practices. 24, 25 Third, we do not have an explanation for why practices experiencing high and low transformation had similar ongoing costs of transformation. In light of the small number of practices studied and the lack of previous research on this topic, we believe that replication of this finding is necessary. Fourth, we studied practices that participated in just one medical home pilot. Our estimates of practice transformation costs may not generalize to medical home initiatives that take place in other contexts (e.g., other geographic areas or time periods) or that incorporate different intervention components (e.g., different medical home recognition criteria, types of technical assistance, or resources provided to participating practices). In particular, the costs of transformation could be higher (or lower) in interventions with more (or less) generous financial support for participating practices. Fifth, when estimating patient panel sizes, some practices consulted their billing systems (e.g., counting all patients for whom a bill was submitted within the past year), while others consulted EHR-based registries of current patients. These differences in counting methods may have contributed to the wide variation in panel size estimates.
CONCLUSIONS
Medical homes and other delivery system innovations will likely grow as payers like the Centers for Medicare and Medicaid Services increasingly emphasize value-based payment models. 26 As policymakers consider how to financially support physician practices in their efforts to transform and thrive in a changing payment and policy environment, our findings from a medical home pilot may offer some useful guidance. We observed that costs of transformation were significant and highly variable across practices, meaning that a uniform per-clinician or perpatient subsidy may exceed investment costs for some practices and fall short for others. In particular, greater per-clinician subsidies to small and independent practices may be necessary if payers wish to avoid creating pressure for such practices to merge with larger delivery systems. Furthermore, because ongoing costs of maintaining a medical home are substantially larger than the one-time costs of transformation, payers may need to consider long time horizons for such subsidies. Continuing experimentation, evaluation, and refinement of medical home interventions can help solidify the business case for making such investments in primary care practices.
APPENDIX A: METHODS ASSESSING STRUCTURAL AND FUNCTIONAL TRANSFORMATION
Structural transformation
To gather data on practice structure, we mailed the survey to one leader from each of the 104 practices participating in the PACCI: once to assess structural capabilities at baseline (before the intervention began in the practice's region) and again to assess the same capabilities 3 years after the intervention had begun. Eighty-one practices responded to both the baseline and year 3 surveys (78% response rate). Using the survey data, we calculated a Medical Home Structural Capability Score by calculating the proportion of 69 surveyed structural capabilities reported as being present in a responding practice. These 69 structural capabilities were drawn from across eight domains central to medical home models: use of shared communication with patients (13 survey items), care managers, 7 referral to community services, 2 use of electronic health records, 20 care reminders, 11 performance feedback to providers, 10 patient registries, 4 and after-hours care. 2 We then calculated "transformation" as the pre-to postdemonstration change in each practice's Medical Home Capability Score. Further details of this scoring method are published elsewhere. 1 
Functional transformation
We assessed functional transformation based on pre-and postdemonstration changes in measures of quality and costs using health insurance claims data. These claims data were collected from 8 of the 12 health plans participating in the PACCI for a 4.5-to 5-year period (1.5 to 2 years pre-intervention and 3 years postintervention). To classify practices on quality transformation, we calculated pre-to post-intervention changes in each practice's performance on a global composite measure, computed as the equally weighted mean of nine individual process measures of quality. The measures were calculated using the following specifications presented in Table 4 .
To classify practices on costs of care, we calculated total costs per patient in each month. For both the quality and cost measure, we included only patients that were continuously enrolled through the entire study period. Before we get started, I'd like to briefly review the purpose of this interview and the confidentiality provisions that were described in detail in the email we sent you.
& As you know, a number of payers are incentivizing primary care practices to adopt characteristics of patientcentered medical homes (PCMH). Although these payers pay enhanced fees in order to compensate practices for transforming, little is known about the actual costs of transformation. The purpose of this project is to estimate the costs associated with transformation.
& We've come to you so that you can help us understand how primary care practices transform to be more in line with the PCMH model. & We would like to ask you about the impact of transformations on the delivery of care and how these transformations translate into practice costs.
We are going to begin by asking you to discuss changes in your practices that were related to the PACCI initiative. We know that this transformation happened nearly 4 years ago, but we ask you to describe and estimate as closely as possible. We will also ask you general questions about practices that you have adopted since that transformation occurred. But for the initial questions, I'd like you to focus on just those changes that were influenced by the PACCI initiative. We will start with a general overview of your practice and then move to talk about the changes that have occurred in your practice as a result of the PACCI initiative. We sent you some materials beforehand that outlined the discussion topics. Do you have any questions before we proceed? Practice history During this section of the interview, I'd like to talk about changes that have occurred at your practice within the last 5 years. We have special interest in patient-centered medical home (PCMH), but we would like to hear about all of the changes to better situate PCMH-related efforts with other key initiatives. So, first, I want to get a general sense of how the practice has changed over the last 5 years. I know that this spans a long time, so you'll just have to try your best. Changes over time I'd now like to discuss how the practice has changed. Let's start with a broad discussion of changes and then move to specifics. For example, if over the course of the last 5 years the organization brought on non-physician care managers, we will talk specifically about that and dig deep. Again, we want to put this in context of the PACCI program. So, we'll set an anchor point at MONTH:YEAR. We'll talk about changes that occurred before and after that date. Again, I know that was a long time ago, but try your best to remember the details.
2. How has the structure and organization of your practice changed over the last 5 years? a. When would you say that change occurred? b. What was the impetus for this change?
[PROMPT: If interviewee gets stuck at any point, lead with questions related to categories of change often associated with PCMH transformation including: enhanced patient outreach & community involvement, non-physician care managers, teambased care, developing quality infrastructure, expanded hours, and EHR] Percentage of patients aged 5-56 years of age during the measurement year who were identified as having persistent asthma and who were appropriately prescribed medication during the measurement year Therefore, all quality measures for this plan were calculated using an 18-month look-back period (rather than 2 years) when applicable
